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Abstract 
Pull-out test is a reliable tool to investigate the failure mechanism of continuous fibre reinforced composites. In this work, we 
develop an analytical model to study the pull-out behaviour of a continuous fibre reinforced cementitious composite. This work is 
presented by two parts: the first part is the development of an analytical model to analyze a yarn/matrix system.  This model is 
based on the analysis of the stress and displacement of the yarn combining continuity conditions. The second part is concerned 
with the verification of the developed model by experimentation. The comparison between the analytical results and experimental 
results has shown that the experimental results are in good agreement with those obtained according to the analytical model 
developed in this work.  
Keywords: Type your keywords here, separated by semicolons ;  
1. Introduction 
Continuous fibre reinforced cementitious composites have been used more and more because of their numerous 
advantages. Multi-filament yarn is used very often as reinforcement.  The study of the interaction between yarn and 
matrix can give a good comprehension of bond and failure mechanism of this type of composite. This study may be 
carried out by means of pull-out test which is a reliable tool to investigate the shear bond properties. 
* Corresponding author. Tel.: 003347022036.; fax: 0033470022078
E-mail address: zhang@ moniut.univ-bpclermont.fr 
1378   X.B. Zhang et al. /  Procedia Materials Science  3 ( 2014 )  1377 – 1382 
umax 
perfect 
bonding  
u 
W
W0 
debonding  
Wmax 
pure friction  
k2 k1 
There exist different interface models to investigate the shear bond properties at the interface. Most of them are 
based on the analysis of the shear stress at the interface such as those of Namure and Naaman (1989), Li and Stang 
(1997) and Stang et al. (1990). Recently we have studied the failure mechanism of continuous yarn reinforced 
cementitious composites (Zhang et al. (2013)). The pull-out behaviour of a multi-filament yarn reinforced 
cementitious composites is investigated analytically, numerically and experimentally. We have used an analytical 
model based on fracture mechanics concept to establish a pull-out curve. This model can give the results in 
agreement with experimental results. However, due to the complexity of the impregnation of the cementitious 
matrix into the multi-filament yarn, the accuracy of the model depends upon the embedded length of the yarn in the 
matrix. In order to improve the model used before (Zhang et al. (2013)), in this work, we develop an analytical 
model by making the assumption more approach to the real pull-out behaviour. The results obtained according to 
this model are compared with experimental results. 
 
2. Description of the developed model 
 
In this work, the failure mechanism is analysed by devising the pull-out curve into three phases: perfect bonding 
phase, debonding phase and pure friction phase. When the uniaxial tensile force F applied on the free end of yarn 
reaches a critical value Fcri, the debonding of the yarn begins to take place. It is the beginning of the second phase. 
The length of the debonding part increases as the applied force increases.  When this length reaches the embedded 
length, the applied force reaches its maximum value Fmax, The pure friction occurs. It is the third phase which is the 
pure friction between the yarn and the matrix. The level of applied force decrease greatly. These three phases are 
shown in Figure 1.  
 
 
 
 
 
 
 
 
 
 
         
                      Fig.1  Pull-out curve                   Fig 2. shear stress versus displacement 
 
The following assumptions are made in this study: 
x The matrix is considered as a rigid body not deformable and only the displacement of the yarn to the matrix 
is studied here; 
x The multi-filament yarn is considered as one entire fibre so there is no shear between filaments. Only the 
bond between multi-filament yarn and cementitious matrix is studied in this work; 
x The materials of the yarn and the cementitious matrix are respectively homogeneous, isotropic and linearly 
elastic; 
x The shear stress  W  at the interface between yarn and matrix increases proportionally to the displacement u of 
the yarn (W = k1 u) during the perfect bonding phase. It reaches its maximal value Wmax at the outset of 
debonding phase and then it decreases proportionally to the displacement u of the yarn (W = k2 u) during the 
debonding phase. In the end, during the pure friction phase, it becomes constant W0 along all length of the 
yarn. Fig.2 shows the shear stress versus displacement. k1 and k2 are the bond modulus corresponding 
respectively to the perfect bonding phase and the debonding phase.  Wmax And W0  are bond parameters 
obtained from experimentation.  
The establishment of the relationship between the pull-out displacement u of a yarn and the pull-out force F is 
based on the analysis of the stress W and displacement u of the yarn at the interface between yarn and matrix by 
considering different continuity conditions for different phase.  
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2.1 Perfect bonding phase  
 
At this configuration the bond between the yarn and the matrix is perfect (Fig. 3). According to the equilibrium 
of a small length dx of the yarn and the essential formals and considering the fourth assumption mentioned before, 
we can obtain the differential equations of displacement u as follows: 
E D
dxu  k 
E D
dx x 
x
dx
xdu 1³³    4)(4)()( WH      )0( dd xL            (1) 
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  u
E D
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dx
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Where E is Young’s module of the yarn and D is the diameter of the yarn which is embedded in the matrix with 
a length of L (Fig. 3). By solving equation (2) and introducing the boundary conditions as follows:  
x At the end of embedded part, the strain of the yarn is null: H ( Lx  ) = 0; 
x At the free end ( 0 x ), the force in the yarn is equal to the applied force F,  
we can write the relationship between the displacement of the yarn and the applied force as follows: 
L sh
xL ch
ED  
Fxu O
O
SO
)(4)( 2
   with DEk /4 1 O            (3) 
O is a material parameter depending on the bond quality of the interface between yarn and matrix. It is function 
of the bond modulus of the perfect bonding phase k1, the yarn diameter D and Young’s module E. 
 
 
 
 
 
 
 
 
 
    
Fig.3 Yarn/matrix system at perfect bonding phase  Fig. 4 Yarn/matrix system at debonding phases 
          
2.2 Debonding phase 
 
When the force F applied on the free end of yarn reaches a critical value Fcri, the debonding of the yarn takes 
place (cf Fig. 1). The length of the debonding part increases as the applied force increases. Two parts of the yarn are 
distinguished (Fig. 4): bond part )( lxL dd and debonding part )0( dd xl . 
The displacement of the bond part has been established in the section 2.1 (Equ. (3)). By replacing L by L-l and 
1max /)( klu W  , the displacement of the bond part of yarn )( lxL dd and the force are written as follows: 
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As the assumption of this study, in the debonding part )0( dd xl , the shear stress W at the interface between 
u of the yarn: W = k2u. The differential equation of 
second order of displacement u of the debonding part is as follows: 
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As O, Z is also a material parameter depending on the bond quality of the interface between yarn and matrix. By 
solving Equation (6) and introducing the boundary conditions as follows:  
x at the point of the outset of debonding  ( lx  ), the displacement of the yarn is maximum :  
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u( lx  ) = umax = Wmax / k1  ; 
x at this point, the force in the yarn is continuous:  F( lx  ) =  lLthD OO
SWmax , 
the displacement of the debonding part and the force are obtained as follows: 
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2.3 Pure friction phase 
 
When the length of the debonding part of the yarn reaches the embedded length, the applied force reaches its 
maximum value Fmax, the pure friction occurs (cf Fig. 1 and Fig. 5). One can write the displacement u and the pull-
out force F as follows:  
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3. Experimentation 
  
Pull-out tests are performed (Aljewifi et al. (2010, 2011)) by using specimens in cylinder form with 34 mm of 
diameter and with two different length L: 100 mm and 150 mm. The cementitious matrix is made from ordinary 
Portland cement (CEM 52.5 I) and polycarboxylate based superplasticizer according to the French standard NF P18-
380. The composition of matrix is listed in Table 1. A multi-filament yarn is embedded in the centre of the cylinder 
along the whole length L. The multi-filament yarns are made of three kinds of fibre: Owens Corning 359A-AA 
multi-end continuous E-glass fibres (called OC1), Owens Corning 111A*11 type 30 single end continuous E-glass 
strand (called OC2) and Saint Gobain Vetrotex AR-glass fibres (called SG1). Yarn mechanical proprieties have been 
determined according to standard ISO 3341 and shown in Table 2. 
     Table 1. Composition of cementitious matrix. 
Mixture ingredients Superplasticizer  
CEMI 52.5 736.3  
Sand 
Water 
1031.0 
366.8 
 
Superplasticizer 
Package density 
0.917 
2135 
 
     Table 2. Data of filament and yarns proprieties. 
 Unit OC1 OC2 SG1 
Glass type 
Roving type 
Diameter of filaments 
Estimated number of filaments 
Number of strands 
Fineness 
Ultimate strength 
Yarn stiffness  
Estimated yarn diameter 
 
 
mm 
 
 
tex (g/km) 
N/tex  
MPa 
mm 
E 
assembled 
12 
8388 
40 
2400 
0.465 
57730 
1.099 
E 
direct 
17 
4180 
/ 
2400 
0.375 
58890 
1.099 
AR 
assembled 
14 
5939 
55 
2450 
0.292 
62240 
1.079 
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The free length (fibre no embedded in matrix) is the same for all specimens (100 mm) and its end is glued 
between two batches of epoxy resin for loading (Fig.6). The loading batch is clamped on the grip of a special tension 
device. The load is applied by the displacement on the free end under a constant speed of 0.01 mm/min and it 
continues to increase until the yarn is fully pulled of the matrix. 
The pull-out force F and displacement u are recorded during the test. The pull-out curves are then drown.  
 
 
  
 
                
 
 
 
 
 
 
 
      Fig.5 Pure friction phase.               Fig. 6 Specimens.  
 
4. Comparison between experimental results and analytical results    
 
Experiment pull-out curves obtained from different kinds of fibre are used to calibrate the bond parameters Wmax, 
W0 and the bond modulus k1 and k2. These bond parameters are evaluated according to the experimentally obtained 
values of the maximum applied force Fmax, the maximum pull-out displacement ucmax and the slopes of the pull-out 
curves. For each kind of fibre material and each matrix length L, the pull-out tests are performed with three 
specimens. Table 3 shows the average values of the bond parameters for different kinds of fibre.   
 
                         Table 1. Average values of bond parameters. 
Material W1  (MPa) Wmax   (MPa) k1 (MPa/mm) k2 (MPa/mm) 
OC1 1.2 0.096 2 3 
OC2 0.65 0.13 1.8 3.24 
SG1 1.13 0.147 2 3.4 
 
Figure 7 shows the comparison of the pull-out curves between analytical results and experimental results 
obtained from different specimens. It can be observed that the analytic results agree globally well to experimental 
results. 
Fig. 7 (a). Pull-out curves for specimens with OC1 fibre 
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Fig. 7 (b)  Pull-out curves for specimens with OC2 fibre 
 
Fig. 7 (c). Pull-out curves for specimens with SG1 fibre 
 
5. Conclusion 
 
In this work, we have developed an analytical model to study the pull-out behaviour of a continuous fibre 
reinforced cementitious composite. This model is based on the analysis of the stress and displacement of the yarn 
combining continuity conditions. The comparison between the analytical results and experimental results has shown 
that the experimental results are in good agreement with those obtained according to the analytical model developed 
in this work. 
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